residues. The product crystallizes upon standing at ambient temperature. The precipitated needles are collected on a funnel, washed with cold hexane (3 × 10 mL), and dried under reduced pressure to afford a first crop of ethyl 5-chloro-3-phenylindole-2-carboxylate as pale-yellow needles (9.3-9.7 g, 78-81%). Evaporation of the filtrate and recrystallization of the residue from toluene (20 mL) as described above gives a second fraction of product (0.8-1.4 g, 7-12%) (Note 10).
Notes
1. 2-Amino-5-chlorobenzophenone (98%) and ethyl oxalyl chloride (98%) were purchased from Aldrich Chemical Company, Inc. , and used as received. 2. Dichloromethane (99.6%) was freshly distilled under argon from calcium hydride . Pyridine (99%+) was dried over activated molecular sieves (4 Å) and distilled under reduced pressure prior to use. 3. The crude product is ≥ 98% pure by GC. The checkers used the following conditions for GLC analysis: injector: 250°C, column: 90°C to 300°C, rate; 12°C/min. 4 6 . DME (Merck-Schuchardt, 99%+) was freshly distilled under argon from either sodium-potassium alloy or potassium/benzophenone prior to use. 7. Thorough mixing of the black suspension during reflux was neccessary to obtain optimal yields. 8. Occasionally the mixture must be passed through silica twice to obtain a clear filtrate. 9. Toluene (99%+) was distilled prior to use. Alternatively, the product can be recrystallized from ethyl acetate (50 mL) / hexane (350 mL). 
Waste Disposal Information
All toxic materials were disposed of in accordance with "Prudent Practices in the Laboratory"; National Academy Press; Washington, DC, 1995.
Discussion
Low-valent titanium, formed from TiCl x (x = 3, 4) and various reducing agents, exhibits a high oxophilicity and a strong reducing ability. This particular combination of properties provides the driving force for the reductive coupling of carbonyl compounds to alkenes. Generally referred to as the "McMurry olefin synthesis", 2 3 two important extensions to this reaction have recently been found:
(1) As far as starting materials are concerned, its scope has been significantly expanded beyond aldehydes and ketones. Thus, a new approach to aromatic heterocycles such as furans, benzo[b]furans, pyrroles, and indoles has been devised, based on the reductive cyclization of oxo-ester-or oxo-amide derivatives, 4,5,6,7 8 9 10,11 although amides have previously been considered inert towards activated titanium. This new method has already found applications in the syntheses of alkaloids as well as of pharmaceutically active target molecules. 7 8 9 10 .
(2) The experimental set-up of titanium-induced reductions has been considerably simplified. McMurry reactions were generally performed in two consecutive steps, consisting of the preparation of the active titanium slurry by reduction of TiCl x (x = 3, 4) with strong and potentially hazardous reducing agents (e.g., K, Li, Na, C 8 K, LiAlH 4 ), followed by the addition of the respective carbonyl compound. The submitters have devised a shorter method, which relies upon the preparation of the active species in the presence of the substrate and the use of commercial zinc dust as the reducing agent. 6 Precoordination of the TiCl 3 to the carbonyl group thereby ensures a "site selective" formation of the coupling agent in this one-pot procedure.
The reductive cyclization of substrate 2 to ethyl 5-chloro-3-phenylindole-2-carboxylate, 3, which is a known precursor for diazepam (Valium), 12 nicely illustrates these advancements. Although compound 2 bears four different reducible groups (amide, aryl chloride, ester, and ketone), the desired indole 3 is formed in a completely chemo-and regioselective way. This strong bias for a low-valent, titaniumpromoted oxo-amide coupling is quite representative and renders the method compatible with an array of different functional groups including acetals, alkenes, alkyl chlorides, (remote) amides, aryl halides, (remote) esters, ethers, nitriles, cyclopropyl-, furanyl-, pyridyl-, thiazolyl-, trifluoromethyl-, and N-tosyl groups. Even free carboxylic acids and unprotected, remote ketone groups may be resistant to the reaction conditions. 5, 6, 7, 8, 9, 10, 11 This one-pot procedure for titanium-induced reactions is also applicable to the synthesis of crowded products, 6 to completely chemo-and regioselective "zipper-type" polycyclizations, 11 to bimolecular reductions of alkynes, 6 and to conventional McMurry reactions of aldehydes or ketones. 6 Some representative examples are compiled in the Table. 
